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Abstract
·AIM:Toevaluateintraocularpressure (IOP)-lowering
effect and ocular tolerability of brimonidine/timolol,
dorzolamide/timolol and latanoprost/timolol fixed
combinationtherapiesinthemanagementofprimary
openangleglaucoma.
· METHODS:Eachdrugwasadministeredfortwo
months,afterwhichacircadiantonometriccurvewas
recorded using a Goldmann applanation tonometer.
Oculardiscomfort (conjunctivalhyperemia,burningor
stinging,foreignbodysensation,itching,ocularpain)of
eacheyewasassessedbythesubjectonastandardized
oculardiscomfortscale.
·RESULTS:Amongthethreestudygroups,therewere
nosignificantdifferencesinthemeanbaselineIOP
measurements,mean2
nd moIOPmeasurements,and
mean(%)changeofIOPsfrombaseline.Amongthethree
studygroups,therewerenosignificantdifferencesinthe
mean IOP measurements obtained at circadian
tonometric curves at baseline and at two months
controls.Insumbrimonidine/timolol,dorzolamide/timolol
and latanoprost/timolol fixed combination therapies
showedsimilareffectsonIOPlevels.
· CONCLUSION: Brimonidine/timolol, dorzolamide/
timolol and latanoprost/timolol fixed combination
therapiesshowedsimilarloweringefficatiesonIOPlevels
whereastherewasnoanydifferencebetweeneachother.
· KEYWORDS: intraocularpressure;primaryopenangle
glaucoma;brimonidine/timolol;dorzolamide/timolol;
latanoprost/timolol
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INTRODUCTION
G
laucomahasbeenestablishedasthesecondleading
causeofworldblindness,whichmayaffect60.5
millionpeopleworldwidein2010,and79.6millionin2020,
andapproximately74%ofglaucomapatientshaveprimary
open-angleglaucoma(POAG)
[1].Thetreatmentofglaucoma
focusesmainlyonloweringintraocularpressure(IOP)
[2].
Duringthelastdecades,effectiveinterventionshavebeen
developedtoslowdownthatprocess,andthereisongoing
developmentofmethodstodetectglaucomaearlier,to
monitorprogressionmorereliablyandtotreatglaucoma
moreeffectively.Arecentmeta-analysisoftheIOP-lowering
effectofglaucomadrugsshowedamaximummeanIOP
reductionof33%frombaselineIOPinthecaseof
monotherapy
[3].However,manypatientsrequiremorethan
onemedicationtoachieveadequateIOPreduction
[4,5].
Morerecently,tomaximizepatientmedicationadherence
andqualityoflife,severalfixedcombinationsofcommonly
usedIOP-loweringmedicationshavebeendeveloped
[6].
Currentcommerciallyavailable,fixedcombinationdrugs
mostly includethe topicalbeta-blocker0.5%timolol
combinedwithaprostaglandinanalogue,an alpha-
adrenoceptoragonistor atopicalcarbonic anhydrase
inhibitor
[7,8].Moreandmoreclinicaltrialsarepublishedto
evaluatetheefficacyofthesefixedcombinationoptions.
However,thenon-consistentresultsofthesestudiesmadeit
difficulttodrawconclusionsofthedegreeofreductionof
IOPthatcanbeachievedwithdifferentfixedcombination
drugs.
TheaimofthepresentstudywastoevaluateIOP-lowering
effectandoculartolerabilityofbrimonidine/timolol,
dorzolamide/timololandlatanoprost/timololfixed
combinationtherapiesinthemanagementofprimaryopen
angleglaucoma.
SUBJECTSANDMETHODS
StudyDesign Thestudydesignofthisstudywasa
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prospectiveclinicaltrial.Thisstudywasapprovedbythe
localInstitutionalReviewBoard(27012009/01)andcarried
outinaccordancewiththeDeclarationofHelsinki.Written
informedconsentwasobtainedfromallsubjects.Adult
patients(>35y)admittedtotheDepartmentofOphtalmology
ofouruniversitybetweenFebruary2009andJuly2009and
diagnosedwithPOAGconstitutedthestudygroup.
POAGwasdefinedasanuntreatedIOPofmorethan
21mmHginatleastoneeyemeasuredontwoconsecutive
occasionsseparatedbyanintervalofatleast2hbutnomore
than4wk.Also,glaucomatouschangesinthevisualfieldor
opticdiscordefectsintheretinalnervefiberlayerwere
evaluated.
ExclusioncriteriaincludedabaselineuntreatedIOPofmore
than30mmHgconfirmedon2occasionswithin1wk;
angle-closureglaucoma;cornealabnormalitiespreventing
reliableIOPmeasurement,includingphotorefractive
keratectomy;previousfiltrationsurgery;alife-threateningor
debilitatingdiseaselimitingthepatient'sabilitytoparticipate
inthetrial;secondarycausesofhighIOP,suchastheuseof
corticosteroids,iridocyclitis,oroculartrauma;conditionsfor
whichthetrialdrugsarecontraindicated;havingonly1eye
orpregnancy.Significantwake-sleeprhythmdisturbances
andtheregularuseofhypnoticdrugsasreportedbythe
patientswerealsoconsideredthereasonsforexclusion.
Usinghardwarerandomnumbergenerators,patientswere
randomizedtoreceive1ofthefollowingtreatment
sequences:Group1:Fixedcombinationof0.2%brimonidine
tartrateand0.5%timololmaleate(Combigan
®,AbdiIbrahim,
Turkey);Group2:Fixedcombinationof2%dorzolamide
hydrochlorideand0.5%timololmaleate(Cosopt
® ,MSD
Pharm.Ind.,Turkey);Group3:Fixedcombinationof0.005%
latanoprostand0.5%timololmaleate(Xalacom
®,Pfizer,
Turkey).Participantswereinstructedtoinstilltheeyedrops
accordingtothestudyprotocol,twicedailyforGroup1and2
(8a.m.and8p.m.)andoncedailyforGroup3(8a.m.).Each
trialdrugwasadministeredfortwomonths,afterwhicha
circadiantonometriccurvewasrecorded.
Methods Intraocularpressurewasmeasuredat08:30a.m.,
10:30a.m.,12:00p.m.,13:30p.m.,15:30p.m.,and17:30p.m.
atbaselineandattwomonthscontrolsusingaGoldmann
applanationtonometer.Allmeasurementsweretakenbya
single well-trainedevaluatorwhowasmaskedtothe
treatmentassignment.Oculardiscomfort(conjunctival
hyperemia,burningorstinging,foreignbodysensation,
itching,ocularpain)ofeacheyewasassessedbythesubject
onastandardizedoculardiscomfortscalerangingfrom0to
5,andwasrecordedbystudystaff5minafterthefirst
applicationofthedrugandatthetwomonthscontrols
[9].
StatisticalAnalysis DatawereanalyzedusingtheStatistical
PackageforSocialSciences(SPSS)software(version10.0
forWindows).Alldifferencesassociatedwithachance
probabilityof0.05orlesswereconsideredstatistically
significant.WhenTypeIerror( 琢 )of0.05,typeIIerror( 茁 )of
0.20(1-茁=0.80)anddeviationof0.05wereconsidered,each
groupmusthaveatleast17individualsbypoweranalysis.
Continuousvariablesarepresentedasmean 依standard
deviation(SD).Normalitydistributionwasconfirmedby
KolmogorovSmirnovtest.One-wayanalysisofvariance
(ANOVA)testwasusedtocomparegroupsofindependent
continuousvariables,andBonferronipost-hoc-analysiswas
usedformultiplecomparisontests.Thedistributionof
categoricalvariablesinbothgroupswascomparedusing
Pearsonchi-squaretest.
RESULTS
Atotalof111eyesof61patientswhowerediagnosedwith
POAGwereincludedinthestudy.OnepatientinGroup1
wasremovedfromthestudyduetodaytimesomnolence.
Treatmentwasdiscontinuedduetoallergicreactionsintwo
patients,onefromGroup2andonefromGroup3.Dueto
thesechanges,datawereavailablefor34eyesof18patients
(10females,8males,meanage56.17依7.49)inGroup1,34
eyesof20patients(11females,9males,meanage56.05依
7.82)inGroup2,and38eyesof20patients(9females,11
males,meanage58.60依6.06)inGroup3.Theagerangeof
thepatientsdifferedfrom37yto70y.Thestudiedgroupsdid
notdifferfromeachotherintermsofgenderandage(
>0.05and >0.05,respectively).
Therewerenosignificantdifferencesbetweenthemean
centralcornealthicknessmeasurementsinthethreestudy
groups.Meancentralcornealthicknesswas540.06依23.27 滋m
forGroup1,535.94依25.37 滋mforGroup2,and544.29依
33.57 滋mforGroup3.Changesinintraocularpressure
amongstudygroupswereshowninTable1.Amongthethree
studygroups,therewerenosignificantdifferencesinthe
meanbaselineIOPmeasurements,mean2
nd mo IOP
measurements,andmean(%)changeofIOPsfrombaseline
(Table1).Significantdifferenceswereobservedbetweenthe
meanbaselineIOPmeasurements,mean2
nd moIOP
measurementsinallthreegroups( <0.001).
MeanIOPsmeasuredat08:30a.m.,10:30a.m.,12:00p.m.,
13:30p.m.,15:30p.m.,and17:30p.m.atbaselineandattwo
monthscontrolswereshowninTable2.Amongthethree
studygroups,therewerenosignificantdifferencesinthe
circadiantonometriccurvesobtainedatbaselineandattwo
monthscontrols( >0.05).
Alldrugsweregenerallywelltoleratedthroughoutthestudy
period,andfewsideeffectswerenoted.Asmentionedabove,
onepatientinGroup1withdrewfromthestudydueto
daytimesomnolence.Allergicreactionwasthereasonfor
discontinuationintwopatients,onefromGroup2andone
fromGroup3.Therewereothersystemicsideeffectsin
eithergroupduringthestudyperiod.PatientsinGroup1
reportedlessconjunctivalhyperemiacomparedwithpatients
833inGroup2andpatientswithGroup3onthecomfortand
tolerabilityquestionnairebothat5
th min.andattwomonths
controls(Table3).Similarly,Group2patientsreportedless
hyperemiacomparedwithpatientsinGroup3atbothvisits.
PatientsinGroup1reportedmoreburningorstinging
comparedwithpatientsinGroup3atthe5
th min.Patientsin
Group3reportedlessitchingcomparedwithpatientsin
Group2atthe5
th min.PatientsinGroup1reportedless
foreignbodysensationcomparedwithpatientsinGroup2at
the2
nd mocontrols(Table3).
Table 1 Changes in intraocular pressure among study groups 
  Group 1  Group 2  Group 3  P 
Baseline IOP  22.38±2.07  23.12±3.01  22.64±2.81  >0.05 
2
nd mo IOP  14.32±1.98  14.51±2.14  14.62±1.84  >0.05 
Mean (%) change from baseline  8.06±1.08 (36.01%)  8.61±1.14 (37.24%)  8.02±1.05 (35.42%)  >0.05 
P  <0.001  <0.001  <0.001   
IOP: Intraocular pressure; Values are given as mean±SD. 
Table 2 Goldmann tonometer intraocular pressure readings 
Group 1  Group 2  Group 3 
 
Baseline IOP  2
nd mo IOP  Baseline IOP  2
nd mo IOP  Baseline IOP  2
nd mo IOP 
08:30 a.m.  23.03±2.87  14.41±1.69  23.25±2.38  14.44±2.23  23.37±2.70  14.84±2.33 
10:30 a.m.  22.94±2.00  14.47±3.30  23.15±2.41  14.47±2.30  23.26±1.83  15.11±1.93 
12:00 p.m.  22.12±2.40  14.21±2.03  22.94±1.94  14.76±1.92  22.55±2.72  14.37±1.98 
13:30 p.m.  21.94±2.39  14.44±1.58  23.38±2.50  14.65±2.17  22.97±2.28  14.34±2.12 
15:30 p.m  22.09±2.04  14.00±1.89  23.00±3.03  14.44±1.99  21.92±1.81  14.29±2.03 
17:30 p.m.  22.21±2.27  14.41±1.48  23.09±2.07  14.32±2.14  22.61±2.18  14.37±1.72 
P  >0.05  >0.05  >0.05  >0.05  >0.05  >0.05 
IOP: Intraocular pressure; Values are given as mean±SD. 
Table 3 Reported side effects among groups 
Symptoms  Group 1  Group 2  Group 3  P 
Conjunctival 
hyperemia         
5
th `min  0.06±0.14  0.29±0.21  0.79±0.71 
P (1 vs 2)=0.032
1 
P (1 vs 3)=0.017
1 
P (2 vs 3)=0.021
1 
2
nd mo  0.12±0.15  0.56±0.61  1±1.02 
P (1 vs 2)=0.032
1 
P (1 vs 3)<0.001
1 
P (2 vs 3)=0.033
1 
Burning or stinging         
5
th min  0.94±0.73  0.88±0.69  0.53±0.34 
P (1 vs 2) >0.05 
P (1 vs 3) =0.044
1 
P (2 vs 3) >0.05 
2
nd mo  0.71±0.81  0.58±0.43  0.42±0.53  P >0.05 
Foreign body sensation         
5
th min  0.56±0.41  0.76±0.52  0.45±0.42  P >0.05 
2
nd mo  0.65±0.43  1.08±0.87  0.53±0.67 
P (1 vs 2) =0.041
1 
P (1 vs 3) >0.05 
P (2 vs 3) >0.05 
Itching         
5
th min  0.38±0.27  0.56±0.39  0.26±0.37 
P (1 vs 2) >0.05 
P (1 vs 3) >0.05 
P (2 vs 3)=0.035
1 
2
nd mo  0.35±0.31  0.5±0.35  0.42±0.38  P >0.05 
Ocular pain         
5
th min  0.29±0.19  0.29±0.11  0.42±0.51  P >0.05 
2
nd mo  0.23±0.18  0.31±0.23  0.19±0.17  P >0.05 
Mean score         
5
th min  0.44±0.51  0.55±0.32  0.49±0.51  P >0.05 
2
nd mo  0.41±0.39  0.60±0.71  0.51±0.65  P >0.05 
1Values are given as mean±SD. 
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DISCUSSION
Thisstudycomparedtheefficacyandsafetyofbrimonidine/
timolol,dorzolamide/timololandlatanoprost/timololfixed
combinationtherapiesinthemanagementofPOAG.Eachof
thegroupsshowedsignificantreductionsfrombaselinemean
IOPat2mo;however,thegroupresultsweresimilarateach
visittimeduringeachstageofthestudy.
CurrenttherapyforglaucomafocusesonreducingIOPtoa
levelatwhichtheprogressionofglaucomatousdamageis
halted,andrecentstudieshaveillustratedtheimportanceof
loweringIOPtopreventoptic-nervedamage.Inthe
AdvancedGlaucomaInterventionStudy(AGIS),patients
withlowmeanIOPhadlessprogressionofdamage.The
resultsoftheAGISshowedthatvisualfieldprogressionwas
preventedonlyintheeyesthathadIOPlowerthan18mmHg
atallclinicvisitsduringthestudy.Inlinewiththesefindings,
5ydatafromtheCollaborativeInitialGlaucomaTreatment
Study(CIGTS)showedtheimportanceofloweringIOP
aggressivelyfrombaselinetopreventvisualfielddamage
[10,11].
Thesetwostudiesdemonstratedthatthetargetpressures
requiredtopreventvisualfieldprogressionarelowerthan
previouslythought.
CombinationsoftwoIOP-loweringagentswithdifferent
mechanismsofactionareoftenusedtotreatglaucoma
patientswhosetargetpressurescannotbeachievedwith
monotherapy.Efficacy,safety,andcompliancearethemost
importantaspectsofthese multi-drugtherapies.Fixed
combinationagentsrequireinstillationoffewerdropsperday
thantheconcomitantuseofthetwodrugsseparately,and
thusmayincreasepatientcompliancewiththerapy.
Twostudieshavecompareddorzolamide/timololand
brimonidine/timololinreportedsimilarIOPlowering,though
thetreatmentwasonlyovera4wkperiod
[12,13].Two
independentstudieshavecompareddorzolamide/timolol
fixedcombinationtherapywithbrimonidine/timololfixed
combinationtherapy
[14,15].Ineachofthesestudies,thefixed
combinationofbrimonidineandtimololwasmoreeffective
thanfixedcombinationdorzolamide/timololinreducingIOP,
andthetreatmentswerecomparableinefficacyduringtrough
periodsinmedicationdosing.Bothtreatmentswere
well-tolerated,butburning,stinging,andtasteperversion
weremorecommonwithdorzolamide/timololthanwith
concomitantbrimonidineandtimololineachstudy
[14,15].
Arcieri
[16].compareddorzolamide/timololand
brimonidine/timololin30patientsandreportedsimilarIOP
lowering,thoughthetreatmentwasonlyovera4wkperiod.
Inthepresentstudy,theIOP-loweringeffectofbrimonidine/
timololwasthesameasthatofdorzolamide/timolol.
Pajic
[17] comparedtheefficacydorzolamidand
latanoprostwhenaddedtoatopical 茁-blockerforatleast4y
in patients withPOAG.Dorzolamide/timololfixed
combinationand latanoprost/timololfixedcombination
significantlyreducedmeanIOPovertime(from22.6依3.0to
13.8依1.9mmHgandfrom22.3依4.0to14.7依1.9mmHg,
respectively).Bothtreatmentssignificantlyandsimilarly
reducedIOPas comparedwithbaseline
[17].Ina
double-masked,randomized,crossoverstudy,comparingthe
effectoflatanoprost/timololandbrimonidine/timololfixed
combinationonintraocularpressurewithPOAG.Bothdrugs
wereequallyeffectiveinreducingIOP(-35.0%依10.0%;
-33.6%依8.8%,respectively)
[18].
Asignificantdifferencewasobservedbetweengroupsin
successrates(definedasreductioninIOP 逸3mmHg);
latanoprost70%,brimonidine58%,dorzolamide40%.A
multicenterEuropeanstudyevaluatedIOPin325patients
withPOAGonlatanoprost/timololgiveninthemorningor
theconcomitantbrimonidine/timololgiventwicedaily
[19].At
baseline,meandiurnalIOPwas26.4mmHgforthelatanoprost/
timololgroupand26.5mmHgfortheconcomitantbrimonidine/
timololgroup.After6mo,meandiurnalIOPwassignificantly
lowerinthelatanoprost/timololgroup (16.9mmHg)when
comparedwiththebrimonidine/timololgroup(18.2mmHg).
Basedonthepatientquestionnaireinthecurrentstudy,
brimonidine/timololproducedlessconjunctivalhyperemia
thantheotherfixedcombinations.Inapaired-eyestudyof
discomfortassociatedwitheyedropinstillationinnormal
subjects,meanscoresofoculardiscomfortweresignificantly
higherwithdorzolamide/timololthanwithbrimonidine/
timololat30-40saftereyedropinstillation
[9].Inan
open-labelstudy,92%ofpatientswhowereswitchedfrom
dorzolamide/timololmonotherapyto brimonidine/timolol
monotherapyreportedimprovedocularcomfortwiththe
brimonidine/timololfixedcombination
[20].The main
limitationofthisstudyincludesitsrelativelyshortduration
(2mo)andfurtherstudiesshouldtoevaluatethelong-term
efficacyandtolerability.Secondly,thequestionnaireforside
effectsmaynothavecapturedalloftheocularsurfaceor
systemicside-effectsassociatedwiththestudymedications.
Thirdly,patientcompliancewithmedicationswasnot
directlyassessed.Finally,somedetailsofhistoryandfactors
thatmayinfluencetheoutcomemaynotbecompletely
documented.Duetotheserestrictions,associationsshouldbe
interpretedwithcaution.
Inconclusion,single-agenttherapyisalwaysthefirststrategy
usedinpatientswithglaucoma.Nosecondagentisadded
untilmonotherapywithdifferentclassesofagentshasbeen
attemptedandhasfailed.Thesecondstepinthetreatment
algorithmistwo-agentcombinationtherapy,andfixed
combinationsaregoodchoicesforthispurpose.More
recently,tomaximizepatientmedicationadherence,several
fixedcombinationsofcommonlyusedIOP-lowering
therapieshavebeendeveloped.However,thenon-consistent
resultsofthesestudiesmadeitdifficulttodrawconclusions
ofthedegreeofreductionofIOPthatcanbeachievedwith
835differentfixed-combinationdrugs.Furtherclinicalstudies
andcombinationtherapiesareneededtoevaluatethedegree
ofreductionofIOP.
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